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Abstract 
The adoption of Service-Oriented Architecture (SOA) in higher education helps solve the adaptability problems by reducing the 
complexity of integration of new systems, by reusing services, and increasing the agility. Even more, using shared services and 
Cloud Computing solutions helps universities to create a collaborative and open environment, with low costs and efficient service 
management. This paper proposes a SOA adoption solution for universities with the aim of creating an environment where 
learners access more easily the digital information in order to support their lifelong education and career goals. Also, the paper 
analyses the integration of education systems and standards with SOA, as well as the creation of new educational environments. 
The solution helps understand the way universities can solve the complex and growing demands of the educational system with 
reduces investments. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The adoption of Service-Oriented Architecture (SOA) in higher education is made necessary by the existence in 
the universities of a series of problems relating, for example, to integration and management. They are due to the 
existence of several categories of users (teachers, students, researchers, administrators, maintenance personnel) and 
of different computer systems. Even more, the existence of SOA in the university promotes shared services provided 
locally by the university or in the Cloud by third-parties. The use of shared services between multiple departments 
or institutions facilitates the access of information technology (IT) and the cost sharing. In addition, the use of Cloud 
Computing helps the virtualization of infrastructure, the service automation, increasing the availability and 
connectivity to end-users (Blinco et al, 2009). The use of services is simple, standards-based, and less expensive 
than other forms of integration. 
The Virtual Learning Environment (VLE) systems represent an important part of the strategy of universities in 
providing online and flexible e-learning. Initially, the focus put on VLE involved the reuse of content, which had an 
effect on the standards, providing the tools for resource description (metadata) and structures of resources (content 
packaging) (McAndrew, Weller & Barrett-Baxendale, 2006). In recent years, due to high costs of e-learning, 
software reuse and activity structure reuse have been considered to reduce costs and increase quality. The purpose 
was also that of solving problems with the VLE already implemented, such as (Gonzalez et al, 2009; Chang & 
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Hsiao, 2011): Learning Management System (LMS) often becoming close communities, leaving no room for the 
inclusion of additional user preferred features; there are lots of learning applications living outside the LMS 
ecosystems;  the e-learning websites were constructed with different programming languages, data storage formats 
and system architectures, hence causing an issue with interoperability. SOA facilitates software reuse, development 
and integration of standards-based VLE components and creation of new educational environments.  
Creating a service-oriented VLE is not an easy task. According to (Weller, Pegler & Mason, 2005; McAndrew, 
Weller & Barrett-Baxendale, 2006), the main successful implementation of a service-oriented project was the LeAP 
project in Tasmania. This is a rare example of service-oriented VLE among the few successful implementations. 
Therefore, this study uses SOA and Web services, which have open standards in order to help solving problems of 
adaptability and to promote creation / use of new learning environments.  
2. Six steps to service-oriented virtual learning environment 
VLE has been defined by many experts, in terms of functionality, technology, components and so forth. Often, 
the term VLE was associated with the term LMS. This study will consider the learning content (curriculum, courses, 
and assignments), online interaction (learning process, learner progress, learner assessment, user management tools) 
and the technological environment (information systems and processes). 
A VLE can be created by using one of the following categories of approaches: integrated approach (monolithic) 
and the hybrid approach. The monolithic approach involves providing all necessary learning tools in one package, 
providing a single point of interface to other university systems or external systems. The hybrid approach offers the 
possibility of combining the best solutions from different providers into a single system. This is considered a viable 
alternative that can offer a plurality of advantages. The viability of the solution is supported by recent standards-
based VLE developments. These include SAKAI initiatives from the U.S. and JISC service oriented architecture 
from the UK (Weller, Pegler & Mason, 2005; Coklar & Bagci, 2010). Using standards helps to achieve 
interoperability in terms of content, data on students and systems. 
In this study are proposed six steps to obtain a service-oriented VLE by using a hybrid approach. These steps 
should eventually lead to an architecture with the following characteristics: being open (based on standards), 
growing, global, integrated, and flexible. 
Step 1. Analyzing requirements. This stage involves understanding the learning environment and its associated 
processes. It can be achieved starting from the source of information and its users, who can be teachers, students, 
system administrators, maintenance personnel.  
Step 2. Modeling the learning process. The virtual learning environment involves a series of activities 
(assignments, chats, choices, forums, glossaries, journals, lessons, quizzes, resources, wikis) needed within the 
learning process. Some of these activities are manual and others may be performed by the system (applying for a 
learning event, attending a course or other event, online collaboration, assessment, supervision, information 
services). The modeling processes to be represented in the virtual learning environment must be performed taking 
into account the users’ viewpoint. At this stage open standards may be used, such as: Business Process Maturity 
Model, Business Process Modeling Notation, and Business Process Definition Metamodel. 
Step 3. Identification of candidate services. Among the activities that can be performed by the system, a part 
and/or parts thereof can be modeled as services, henceforth called candidate services. Examples of such services are: 
the course service (course content design service, course content offering service, and course management service), 
the learning registration service, the user management service, the collaboration service, the outcomes service, the 
records service, and the assignment service. For the identification of candidate services a combination of top-down, 
bottom-up, and middle-out techniques of domain decomposition, asset analysis, and goal-service modeling will be 
used. The results of this stage are: the list of services, components (services can and should be decompose into finer-
grained components), flows and information. 
Step 4. Ranking and prioritizing services. It is important that this phase begins by classification of services into a 
hierarchy, according to the composite or fractal nature of services (figure 1). This hierarchy will help to coordinate 
the construction of independent services. In addition, a large number of small-grained services in the hierarchy 
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(defined, designed and deployed with very little governance) will lead to improved characteristics regarding 
performance, scalability and management. 
The next moment is that of identifying the characteristics of the services that will be taken into account in the 
model of service prioritization. It will be conducted and based on a service-dependency diagram and will take into 
account the risk factors involved in the IT aspects of the architecture (Arsanjani et al., 2008). Prioritization of 
services will be performed on the base of the evaluation of the services’ characteristics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Example of e-learning services 
 
Step 5. Service specification. At this stage is made the analysis of services in terms of functional requirements 
(user management, communication tools, collaboration tools, content management and authoring, learning activities 
tracking, logging, off-line work). This is the core activity of the service modeling and focuses on elaborating the 
detailed design of the services.  
Design services include at least: the specification of service (service interface, service context, service 
dependencies), components, flows and information. These define the realization and choreography of services to 
enable learning functions and processes. Particular attention should be paid to the design of learning objects, in 
terms of content reuse, granularity and interoperability (Jevsikova & Dagiene, 2007). These characteristics can be 
obtained by using the main e-learning standards. At this stage the SOA Modeling Language can be used, a standard 
that includes a set of extensions to UML that supports SOA modeling and provides a higher-level of abstraction, and 
a complete service modeling capability. 
Description of services, registrations, discovery and binding will facilitate the development of collaborative VLE 
services that will run in a flexible, well distributed and efficient manner. To demonstrate this concept (Ajlan & 
Zedan, 2007) selected the Modular Object-Oriented Dynamic Learning Environment (MOODLE) as an example of 
VLE and analyzed the introduction of Web services to MOODLE. Also, they showed that adoption of SOA has the 
potential of inducing lower costs and smaller difficulties of programming, low maintenance costs, quicker time-to-
market, new revenue streams and improved operational efficiency. 
Step 6. Service Realization. This step involves several activities, including: performing technical feasibility 
exploration, solution templates and patterns, detailed SOA reference architecture, identifying non functional 
requirements (compatibility with learning standards, agility, flexibility, availability, user interface, login data, 
learning content, security, technical support and assistance, integration with other systems, intranet and portal, 
monitoring of services), mapping services to existing systems. 
In constructing each service the following options should be considered: selection, custom built, integration, 
transformation, subscription and outsourcing of parts of the functionality using web services. The stage ends with 
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the implementation of the service-oriented VLE by using existing or constructed services (figure 2). In the process 
implementation phase, the Business Process Execution Language (BPEL) may be used. This language minimizes the 
semantic gap between the process model and the actual execution code. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Service-oriented Virtual Learning Environment 
3. Integration of education systems and standards with SOA 
Educational standards and specifications have been designed to ensure the interoperability and reuse of 
educational components (metadata, learning objects, learner information, learning-related technologies, etc.). SOA 
facilitates software reuse, development and integration of standards-based educational components. Also, the 
service-orientation approach facilitates solving the problem of the interoperability between different e-learning 
systems. Integration with SOA of educational systems and standards is a step forward in solving the problems of 
adaptability that confront universities when facing the increasing demands of the 21st century. 
ARIADNE, IEEE Learning Technologies Standards Committee, Instructional Management Systems Global 
Learning Consortium (IMS GLC) and others have contributed to the construction of the educational standards and 
specifications. Then followed the design, under cooperation, of standards and specifications, on the basis of six 
requirements (ADL, 2004): accessibility, adaptability, affordability, durability, interoperability, and reusability. 
Most of the standards were brought into a common design called the Sharable Content Object Reference Model 
(SCORM). SCORM is widely accepted by the providers of distributed learning environment and service-oriented 
virtual learning environment in order to achieve interoperability of learning tools and course content. 
The Open Knowledge Initiative (OKI) has developed and published a suite of interfaces known as Open Service 
Interface Definitions (OSIDs). The OSIDs specifications provide interoperability among many applications. Also, 
the OSIDs define important components of a SOA as they provide general software contracts between service 
consumers and service providers. The use of OKI OSIDs and IMS Learning Technologies for Interoperability 
guarantees the portability of the architecture and the bidirectional work (Gonzalez et. al, 2009).  
Regarding the reuse of components, an example of a standard is the Tools Interoperability Specification by IMS. 
Reuse of activity structure leads to learning projects, work templates, learning templates to help describe activities. 
A way of representing the pedagogical design is IMS Learning Design. SOA is relevant for the Learning Design 
perspective, and the two can be seen as interconnected. 
eXchanging Course-Related Information (XCRI) Course Advertising Profile (CAP) is a standard for describing 
the curriculum. The XCRI-CAP standard is intended to support transparent and informed choice for learners, but 
also the potential for major institutional efficiencies in the management of course-related information. XCRI-CAP is 
compatible with the Metadata for Learning Opportunities European Norm approved in 2011 (XCRI, 2011).  
Integration of educational systems and standards with SOA can be achieved at several levels, using several 
methods (figure 3). This is facilitated by the use of open standards such as Learning Information Services (LIS) 
from IMS GLC. Both SOA and systems like Student Information Systems (SIS) and Learner Management Systems 
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support and comply with the LIS standard (Blinco et. al, 2009). Integration can be achieved by:  providing 
information  from SIS as abstract services,  using SOA principles (flexible, sustainable, reusable integration) for 
data exposure,  using SOA instruments to map the attributes offered by SIS according with attributes recognized 
by systems that do not understand the LIS standard. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Integration of educational systems and standards with SOA 
 
Integration of SOA with educational systems may lead to the creation and use of new learning environments. 
This requires the latest applications, software and hardware, necessary to meet the students’ demands, as well as 
high costs for the institution. Cloud Computing helps the institution by providing Cloud maintained solutions, along 
with better costs of software, hardware and maintenance. Also, mobile technologies (laptop, phone, PDA) provide 
remote access to resources. An example of collaborative virtual environment used in universities is that of virtual 
computer laboratories. They involve the use of the mix SOA, Business Process Management and Cloud Computing 
in higher education. In (Mircea, 2010) are presented the benefits of using an integrated approach and the current 
state of Romanian universities regarding the implementation of integrated solutions based on the latest technologies. 
The use of Cloud Computing in higher education must be analyzed both in view of benefits, as well as in view of 
the risks and limitations. After the analysis, one or more models of Cloud Computing may be selected. The decision 
must take into account the real needs and be aligned with the university strategy. In (Mircea, Andreescu, 2010) is 
presented a strategy for adopting Cloud Computing. The strategy includes five stages, with emphasis on the 
evaluation of data and processes/functions/applications in universities based on some key criteria. The proposed 
model takes into account the university’s architecture and criteria such as mission, availability and importance of 
applications and also the data’s mission, sensitivity, confidentiality, integrity and availability. The results obtained 
are encouraging and support the use of Cloud solutions in universities. 
4. Conclusions 
Universities face a number of challenges due to the increasing demands of students and researchers in the 21st 
century and to the reduced budgets. Adopting SOA in the higher education helps solving the adaptability problems 
and facilitates the use of shared services and the sharing of costs. This study proposes a hybrid approach for 
obtaining a VLE that is based on standards and is service-oriented. The proposed solution will increase efficiency 
and effectiveness of the VLE in terms of reusability, interoperability, accessibility and modularization. Also, the 
solution will facilitate the creation and use of new learning environments while providing cost savings for 
universities.    
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